The objective of the present study was to examine the association between follicular fluid (FF) steroid concentration and oocyte maturity and fertilization rates. Seventeen infertile patients were submitted to ovulation induction with urinary human follicle-stimulating hormone, human menopausal gonadotropin and human chorionic gonadotropin (hCG). A total of 107 follicles were aspirated after hCG administration, the oocytes were analyzed for maturity and 81 of them were incubated and inseminated in vitro. Progesterone, estradiol (E2), estrone, androstenedione, and testosterone were measured in the FF. E2 and testosterone levels were significantly higher in FF containing immature oocytes (median = 618.2 and 16 ng/ml, respectively) than in FF containing mature oocytes (median = 368 and 5.7 ng/ml, respectively; P < 0.05). Progesterone, androstenedione and estrone levels were not significantly different between mature and immature oocytes. The application of the receiver-operating characteristic curve statistical approach to determine the best cut-off point for the discrimination between mature and immature oocytes indicated levels of 505.8 ng/ml for E2 (81.0% sensitivity and 81.8% specificity) and of 10.4 ng/ ml for testosterone (90.9% sensitivity and 82.4% specificity). Follicular diameter was associated negatively with E2 and testosterone levels in FF. There was a significant increase in progesterone/testosterone, progesterone/E2 and E2/testosterone ratios in FF containing mature oocytes, suggesting a reduction in conversion of C21 to C19, but not in aromatase activity. The overall fertility rate was 61% but there was no correlation between the steroid levels or their ratios and the fertilization rates. E2 and testosterone levels in FF may be used as a predictive parameter of oocyte maturity, but not for the in vitro fertilization rate.
Introduction
The steroids synthesized by follicular cells during the process of follicle maturation accumulate in follicular fluid (FF) . Since the corona-cumulus-oocyte complex is in close contact with FF, an association is believed to exist between the hormonal content of FF and the quality and degree of oocyte maturity, and therefore FF hormonal content is presumed to be related to fertilization and embryo development and implantation rate (1, 2) .
Gonadotropin-releasing hormone (GnRH) agonists have been routinely used over the last decade as adjuvants in ovulation induction. These drugs reduce steroidogenesis both in vivo and in vitro in granulosa cells and reduce steroid levels in FF (3) . On the other hand, the use of GnRH agonists in hyperinduced cycles has considerably improved the results of assisted fertilization, causing the association between steroid levels and oocyte maturity to be questioned.
Some investigators have tried to determine whether progesterone and estradiol levels in FF or their ratio may be used as parameters to discriminate between ovulatory (mature) oocytes and non-ovulatory (immature) oocytes, since progesterone, estradiol and testosterone levels in FF are significantly modified during the preovulatory period, especially after the luteinizing hormone (LH) surge (4) . However, the results were contradictory (5, 6) .
In order to improve the techniques of assisted fertilization and to combine better results with reduced costs, some investigators have suggested oocyte retrieval without ovarian hyperstimulation. Immature retrieved oocytes are submitted to in vitro maturation followed by insemination, with a considerable reduction of labor and of operational and medication costs (7, 8) . Thus, it is important to obtain detailed information about the oocyte environment, especially the composition and influence of FF on the process of oocyte maturation, since the culture media could be improved by adding exogenous steroids.
The objectives of the present study were to determine the levels of steroids in FF, the relationship between them and the degree of oocyte maturation and the rate of in vitro fertilization, in order to establish cut-off values for steroid levels that will differentiate between mature and immature oocytes.
Patients and Methods
Seventeen infertile couples seen at the Human Reproduction Outpatient Clinic of the Department of Gynecology and Obstetrics, Hospital das Clínicas, Faculty of Medicine of Ribeirão Preto, University of São Paulo, were studied. The couples had been previously selected for assisted fertilization according to a protocol established by the sector. Patient age ranged from 24 to 40 years (mean, 30.6 years). The Research Ethics Committee of the Hospital approved the study and all couples gave written informed consent to participate.
The patients were initially submitted to hyperinduction of ovulation with 2 ampoules of urinary human follicle-stimulating hormone (75 IU/amp; Serono, São Paulo, SP, Brazil) and 2 ampoules of human menopausal gonadotropin (hMG, 75 IU/amp; Ferring, São Paulo, SP, Brazil) at 16:00 h on days 3 and 4. Starting on the 5th day, stimulation was continued with hMG alone, 2 ampoules a day at 16:00 h. From the 6th day on, the hMG dose varied from 3 to 4 ampoules according to ovarian response, as evaluated by daily determination of plasma estradiol levels and by daily ultrasound examination up to the day of retrieval included. If estradiol levels increased, preferably doubling in value, the 2 ampoules per day were maintained; if not, the hMG dose was increased up to 4 ampoules per day until the day of human chorionic gonadotrophin (hCG; Serono) administration with daily reevaluations.
When plasma estradiol levels reached 300 pg/ml per follicle of 12 mm or more and/ or 2 or more follicles measuring more than 17 mm in diameter were observed, 10,000 IU hCG were administered up to 52 h after the last hMG dose. A fall in estradiol levels of at least 50% and/or ultrasonographic signs of follicular rupture were considered to be criteria for cycle cancellation.
Follicle aspiration for oocyte retrieval was performed 34 to 36 h after hCG administration between 8:00 and 9:00 am. One hundred and seven oocytes and FF were retrieved by follicle aspiration by the transvaginal route under ultrasound guidance. After ovary identification, the number of follicles was determined and follicular diameter was determined by direct measurement before follicle aspiration. The whole FF was aspirated until the follicle walls collapsed. Only FF free of blood was used to determine hormone concentrations. For FF selection we used the visual criterion proposed by Levay et al. (9) . The FF volume obtained after aspiration was measured and the FF was immediately poured onto Petri dishes previously heated to 37ºC on a hot plate. The content was examined under the light microscope at 80X magnification in order to identify the corona-cumulus-oocyte complex and after the presence of the latter was confirmed, previously identified FF was collected into Falcon tubes and then centrifuged at 2,500 rpm. The supernatant was separated and stored at -20ºC until the hormone measurements.
The corona-cumulus-oocyte complexes were first identified under a stereomicroscope and then evaluated for maturity under an inverted photomicroscope and the oocytes were classified as immature, intermediate and mature according to the criteria of Testart et al. (10) and Veeck et al. (11) . Of the total of 107 oocytes retrieved, 32 of them were mature, 37 were intermediate and 38 were immature. Eighty-one oocytes were incubated and inseminated according to the in vitro fertilization techniques used in our laboratory. After 18-22 h of insemination, we determined whether or not fertilization had occurred. The criteria were visualization of the second polar corpuscle, the appearance of two pronuclei, and eventually cell division. The oocytes classified as immature were incubated for 24 h before insemination.
Estradiol, progesterone, testosterone, estrone, and androstenedione were determined by radioimmunoassay. The FF samples were diluted to varying extents according to the hormone to be measured. Thus, before the assay of each steroid an FF sample was submitted to successive dilutions and the results obtained were used to construct a curve that was compared to the standard curve for the assay, indicating the ideal dilution for the steroid under study, which was the point closest to the ED 50 of the standard curve. Two curves were constructed for each steroid, one obtained by measurement with extraction and the other without extraction. Both curves were always parallel to the standard curve after successive dilutions, a fact demonstrating that previous extraction was not necessary for the determination of these hormones. The determinations were carried out in duplicate and all samples from the same subject were analyzed in the same assay. All hormonal assays showed interassay errors of less than 15% and intra-assay errors below 17%.
Statistical analysis
Data were analyzed statistically by the chi-square test, Kruskal-Wallis and MannWhitney tests and by Spearman correlation. The level of significance was set at P < 0.05 in all tests.
To determine the steroid levels in FF that might discriminate between mature and immature follicles (best relation between sensitivity and specificity) we applied the receiver-operating characteristic (ROC) curve (12) . For these calculations we did not consider oocytes classified as intermediate and the "gold standard" was microscopic analysis of the oocytes as described previously (10, 11) .
Results
The steroid levels detected in FF are presented in Table 1 according to degree of maturity. Estradiol levels were significantly lower in the follicles containing mature oocytes than in the follicles containing immature oocytes (P < 0.05; Figure 1A ). For testosterone ( Figure 1B) , the follicles of mature oocytes also showed significantly lower concentrations than the follicles with immature oocytes. In contrast, progesterone did not differ between the follicles with mature oocytes and the follicles with immature oocytes ( Figure 1C) .
When the ROC curve was applied to locate the cut-off level for steroids that identify a mature oocyte, estradiol levels of ≤505.8 ng/ml were found to have 81.0% sensitivity and 81.8% specificity, with an 81.8% positive predictive value and an 85.7% negative predictive value (Figure 2A ). For testosterone, the ROC curve indicated a cut-off level of ≤10.4 ng/ml, with 90.9% sensitivity and . Estradiol (E2), progesterone (P), and testosterone (T) levels in follicular fluid (FF) and degree of maturity of oocytes retrieved from patients with a cycle hyperstimulated with gonadotropins E2 (A) and T (B) levels were higher in the follicles containing immature oocytes than in the follicles containing mature oocytes (*P < 0.05, Mann-Whitney and KruskalWallis tests). There was no difference in P levels (C) between oocyte groups (P > 0. Figure 2B ). The progesterone/estradiol ( Figure 3A ), progesterone/testosterone ( Figure 3B ) and estradiol/testosterone ratios were significantly higher for the follicles with mature oocytes than for the follicles with immature oocytes ( Figure 3B , Table 1 ).
With respect to androstenedione and estrone, no significant differences were observed between these hormone concentrations in the various follicles. The levels of steroids in the FF of oocytes of intermediate maturity did not differ significantly from those in the FF of mature or immature oocytes.
When follicular diameter and steroid levels in FF were analyzed, a significant negative correlation was observed between folli- . Progesterone/estradiol (P/E2), progesterone/testosterone (P/T) and estradiol/testosterone (E2/T) ratio in follicular fluid and degree of maturity of oocytes retrieved from patients with a cycle hyperstimulated with gonadotropins. The P/E2 (A), P/T (B) and E2/T (C) ratios were higher in the follicles containing mature oocytes than in the follicles containing immature oocytes (*P < 0.05, KruskalWallis and Mann-Whitney tests). * * * * * * cular diameter and estradiol levels (r = -0.46; P < 0.02) and also between follicular diameter and testosterone levels (r = -0.5; P < 0.005).
No correlation was detected between progesterone, androstenedione and estrone levels in FF and follicular diameter. When estradiol, progesterone and testosterone levels in FF were analyzed for a possible correlation, a significant positive correlation was observed only between estradiol and testosterone levels (r = 0.39; P < 0.01).
The overall fertility rate was 61% and when we compared estradiol, progesterone, and testosterone levels, the progesterone/ estradiol, estradiol/testosterone and progesterone/testosterone ratios and the fertilization rates we did not find differences between fertilized and non-fertilized oocytes.
Discussion
We analyzed steroid levels in FF and their ratios and related them to the degree of maturity and fertilization rate of oocytes from patients submitted to ovarian stimulation with gonadotrophins only. Since the objective of the present study was to investigate the physiological phenomenon, no GnRH agonist was used because of a possible effect on steroidogenesis (3, 13) .
It is known that a positive association between estradiol and follicular diameter occurs in plasma during the follicular phase both in natural and induced cycles. For FF, however, Uehara et al. (14) demonstrated a positive association between estradiol and follicular volume only for smaller follicles, an association that disappears when the follicles are larger than 8 ml.
Thus, before the LH surge, estradiol levels in the fluid of preovulatory follicles increase progressively in a manner proportional to the activity of the aromatase system in granulosa cells (15) . In contrast, a few hours after the onset of the ovulatory LH surge, ovarian estradiol secretion decreases abruptly, and consequently estradiol levels in follicular fluid and plasma are also markedly reduced (4, 16) .
Mature oocytes are associated with reduced estradiol levels in FF fluid after hCG, as shown by the present results. It seems that the ovulatory LH surge exerts its effect both on this inversion of the steroidogenic pattern and on the process of oocyte maturation (17) . Indeed, we observed a negative correlation between follicle diameter and estradiol levels in FF. This decline in estradiol production seems to be mainly due to the inhibition of the synthesis of androgen precursors by thecal cells brought about by desensitization of these cells to LH induced by the LH surge itself, with the cells becoming refractory to this gonadotropic stimulus (14, 18, 19) .
Several investigators have demonstrated that mature oocytes with a higher potential for fertilization are also associated with lower testosterone levels in FF at the time of follicular rupture (20, 21) . Our results are in agreement with these data. The association between oocyte maturity and low testosterone concentration in FF seems to be expected, since atresia of the follicles and of their oocytes is usually associated with granulosa cell degeneration and with an increased testosterone/estradiol ratio (22).
Progesterone levels were not different between mature and immature oocytes. The maintenance of progesterone production occurring in parallel to the reduction in estradiol and testosterone levels in preovulatory follicles seems to result from a modification of the steroidogenic patterns of granulosa cells. Oocyte maturation is accompanied by a significant reduction in estradiol and testosterone levels with a positive association between them. Indeed, this could not be different, since androgens and testosterone in particular are immediate precursors of estradiol. Thus, if a reduction in testosterone production by thecal cells is observed this fact definitely contributes to the reduction of estrogen synthesis observed in parallel.
It appears that the most relevant feature in the process of oocyte maturation is the relation between steroids. Some investigators, using the steroid ratios in FF, suggested that the progesterone/estradiol ratio may be the best indicator of maturity (23) and of the potential for oocyte fertilization (24). We observed that the progesterone/estradiol, progesterone/testosterone and estradiol/testosterone ratios were higher in FF from follicles of mature oocytes. An increase in the progesterone/testosterone ratio corresponds to a reduction in the metabolism of C21 (progestogens) to C19 (androgens). The positive association between estradiol and testosterone and the increase in the estradiol/testosterone ratio suggest that the fall in estradiol levels may be due to the reduction of testosterone rather than to a reduction of aromatase activity.
With respect to androstenedione levels, the results showed no relationship with the degree of oocyte maturity. This absence of an association between androstenedione levels and degree of oocyte maturity may reflect the intermediate role of this steroid as a precursor of estrogen biosynthesis.
It should be pointed out that the hormonal content of the follicles that contained oocytes of intermediate maturity did not have any specific patterns in terms of steroid levels in the FF, as was observed for mature and immature oocytes. Because of the asynchrony in follicular development characteristic of all stimulated cycles, it is possible that the follicles containing intermediate oocytes were in different stages of steroidogenesis at the time of follicle aspiration, with a tendency to show secretion patterns of a mature follicle at times and of an immature follicle at others.
In view of the high sensitivity and specificity indices obtained in the present study for the cut-off points for testosterone and estradiol, we suggest the possibility of using these indices to predict oocyte maturity based on the levels of these steroids in FF. Current techniques for steroid determination permit obtaining rapid results within a period of up to 90 min, a much shorter time compared to the interval between oocyte aspiration and oocyte insemination or sperm injection in cases of intracytoplasmic sperm injection. Thus, from a technical viewpoint, it would be quite possible to use hormonal determinations in FF for the assessment of oocyte maturity and for oocyte selection.
The present data acquire special importance if we consider recent studies using assisted fertilization techniques without stimulating ovulation (7, 8) . These techniques have been mainly used in "high responder" patients who would be likely to develop the ovarian hyperstimulation syndrome. As an alternative to ovarian hyperstimulation, the cited investigators (7, 8) propose the retrieval of immature oocytes obtained from follicles measuring up to 10 mm in diameter and their later maturation in vitro. Thus, in these situations the time elapsed between oocyte retrieval and insemination could be prolonged. The results reported by these investigators are encouraging, with rates of in vitro maturation above 60%, fertilization rates of 70% and pregnancy rates of about 30%. The results of these procedures can be improved and one of the factors that will definitely contribute to this improvement will be the development of more appropriate culture media for the oocytes, with the addition of steroids in appropriate proportions. On this basis, information about the physiological processes of oocyte maturation is of fundamental importance. These techniques involve a significant reduction in costs since they require minimum medication expenses, without the need for continuous patient monitoring. This reduction in costs is of high medical and social interest since it may provide access to assisted fertilization procedures to persons with low acquisitive power.
With respect to the relation between steroid levels in FF and fertilization rates, Andersen (25) demonstrated that the estradiol/testosterone ratio is higher in follicles associated with fertilization. Previous studies by Pellicer et al. (2) have shwon that, although the steroid levels in FF differ significantly between follicles of women with and without endometriosis, there is no way to predict the differences in embryo quality between the two groups. In contrast, the values for progesterone and the estradiol/ testosterone ratio were higher in oocytes with poorer prognosis (endometriosis). Our results did not show any differences between fertilized and non-fertilized oocytes for any of the parameters analyzed.
Steroid levels in FF and their ratios differ between mature and immature oocytes. Our results suggest that their measurements, particularly of estradiol and testosterone, may be used as predictive indicators of oocyte maturity since they presented high sensitivity, specificity and predictive values. However, they cannot be used as parameters for the prediction of whether an oocyte will have a higher or lower probability of being fertilized in vitro.
